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FOREWORD
This report descitbes the final phase of the work performed
under NASA Contract NAS3 -17787 and is entitled "Thermal Fatigue
and Oxiation Data on TA'/.-8A, MAR-M 200, and Udimet 700 Superal -
M
s." The report covers the period June 15, 1974 tc January 15,
5. Other fluidized bed thermal data of nickel- and cobalt-
hase alloys obtained between Merch 24, 1967, and February 28, 1973,
are reported in NASA CR- 72738, CR-121211, and GR- 121212.
The NASA personnel assigned to the contract were:
John R. Danicic - Contract Specialist
Peter T. Bizon - Project Manager
The IITRI personnel who contributed to this project include
M&urice llowes (Project Manager), John Andersen (Administrative
Assistant), Harry Nichols, Arline Kerwin, and Violet Johnson.
At
	
	
oata are contained in Logbooks No. C21674. The IITRI in-
ternal designation for this report is IITRI- 86124-21.
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SIIMMARY
•
This investigation is part of a general study of thermal f"a-
tigue conducted by the NASA-Lewis Research Center. The program
used the fluidized bed heating and cooling technique to measure
the relative thermal fatigue resist nce of three superalloys.
Earlier investigations are reported in NASA CR-72738, c;R-121211,
and CR-121212. The alloys in this investigation included MAR-M
200, Udimet 700, and TA7.-8A. Two types of surface protection
were used on selected alloys. These were RT-XP and NiCrAlY. The
resistance to crackin was measured by cycling specimens between
fluidized 
.0edc 
at 1089°C (1990'F) and 316°C (600 F) . The t ime
of immersion in each oed was 3 minutes. The specimens were exam-
ined for cracks at intervals, and the lengths of the first three
cracks were measured. When siifficient crack propagation data
were obtained, the specimen was removed from test.
The alloy having the best resistance to thermal fatigue
t	 cracking was TAG-8A DS, clad or coated. The number of cycles
required to crack different alloys varied widely from over 15,000
cycles to 1250 cycles. This represents a 12:1 difference in be-
havior under identical severe testing conditions.
Oxidation occurs during thermal cycling, and some alloys ex-
perience considerable weight loss. The directionally solidified
alloys are particularly susceptible and normally should be pro-
tected with a coating.
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INTRODU(.'T ION
The purpose of the reported work was to use the fluidized
bed technique to measure the relative thermal fatipie cracking
resistance of three high-temperature superalloys that could be
used for advanced air-breathing engines. The work was carried
out in a facility designed and built by IIT Research Institute.
This investigation is part of a gereral study of thermal
fatigue being undertaken by the NASA-Lewis Research Center as
described by Spera et al.0 ) Some other parts of this general
study athe previ.cus fluidized bed thermal fy-`'gue work by
Bowes ( '
jg 
and trc burner tests by Rizon et al.(^+^ An analytical
life prediction to these data is given by Srara et al. ^ 7 ) A de-
scription of the tet ) method used in this investigation is given
in detail by Howes. 66
Thermal fatigue is a possible failure mechanism in any situ-
ation that involves Fluctuating temperatures. If certain mate-
rials are heated or cooled rapidly and contiguously, cracking
sometimes occurs. This phenomenon, which is often called thermal
shock, is caused by thermal gradients present &iring rapid tem-
perature change. As a result, strain is produced which is re-
lated to the coefficient of expansion of the material. Failure
occurs when thermally induced stresses exceed the strength of
the material after starting; as a crack in the most sensitive
area. In metals, the thermal fatigue mechanism often results in
the gradual formation of a network o: cracks and is commonly re-
ferred to 33 craze cracking, heat cracking, or fire cracking.
Any part which undergoes temperature cycling during service is
likely to fail by this mechanism.
Failures due to thermal fatigue can be found in brake d nuns,
turbine blades, internal combustion engine pistons, rolls for form-
ing hot steel, forging dies, railway wheels, furnace components,
and in molds used for glass and metal molding. Thermal fatigue
can become the dominant failure mode in aircraft gas turbine en-
gines as the operating temperature and thermal gradients become
more severe and the expected service life becomes longer.
Many methods .f heating and cooling have been used to simu-
late the thermal cycles experienced in actual applications. Some
of the earliest work used direct flame impingement on a surface.
However, unless carefully controlled, the combustion product::
and variation in temperature conditions will introduce an arbi-
trary em ironment which can influence the cracking mechanism.
High-Frequency heating and electrical resistance heating
systems can be used to establish simulated thermal cycling con-
ditions; however, they are generally expensive to construct for
2
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the multistation test facilities which are needed to amass data
quickly. In the consideration of thermal fatigue, the crack prop-
agwtion rate is as important as the start of cracking. For in-
stance, a material that cracks early might be satisfactory if the
crack propagation rate is ver y slow. With high frequency and
resistance heating., the formation of a crack alters the flux or
current density in such a wa y that the crack is overheated and
measurement of propagation rate becomes meaningless.
The fluidized bed beating system for thermal 	 fatigue test-
ing has many advantages and no significant disadvantages. 	 The
bed construction is simple and relatively inexpensive. 	 The rate
of heat transfer to a specimen or group of specimens 	 is high.
The heat content of a particulate solid fluidized media is also
high,	 sr that a large number of specimens or a large specimen
can be rapidly and repeatedly heated without lowering the bed
temperature significantly.	 The	 fluid bed system uses low-velocity
air flows	 (on the order of 1 	 fps),	 and in this respec t-	 the high-
velocity gas flows in a turbine engine are not simulated. 	 The
first reported use of fluidizc-i beds	 for ther-.ial	 fatigue testing
was	 in 1958 by Glenny and co-workers.( 7 )	 Since that time therei have been many reports of the use of this technique to evaluate
thermal fatigue resistance, and a bibliography of the	 iterature
of thermal	 fatigue tip to 1967 was compiled by Carden. (	)
The original high-temperature bed described b y Glenny wrs
*
6 in.	 in diameter and was heated b y wire-wound elements of 4 sw
total	 input.	 For this program much heavier loads of test speci-
mens had to be cycled, 	 and a bed diameter of 11.5 in. with a
power input of 55 kw was required. 	 The low-temperature bed was
controlled at an intermediate temperature instead of room tem-
perature; thus the lower temperature beds were required to have
provisions	 for both heating and cooling. 	 These features are de-
scribed in the section under Experimental Work which deals with
the thermal fatigue facility.
EXPERIMENTAL WORK
a
	
Materials and Conditions
Thirteen variations of alloys and treatment were studied
in this program. These are listed in Table 1. The three dif-
ferent slloy compositions along with their heat treatments which
were used are shoi,ni in Table 2. The variables studied in this
program included
1. Composition
?. Test piece shape (i.e., double
or single edge wedges)
•
3. Solidification method
4. Surface protec on
For the thermal fatigue testing two types of geometry were
used (Figure 1). Most testing used the single-edg e wedge type
having a nominal edge radius of 0.030 in.
TAZ-8A and MAR-M 200 were used in the directionally solid-
ified condition. Randomly solidified specimens of TAZ-8A and
Udimet 700 were also tested.
Two types of surface protection were used as follows:
1. Coating: RT-XP--a coating containing
an aluminide with a case depth of about
70 um (2.7 mil) thick (Chromalloy American
Corporation proprietary process).
2. Cladding: NiCrAlY--a conunercial Ni-
15.2Cr-12A1-0.33Y electron-beam vapor-
deposited clad, aboiit 135 um (5.3 mils)
thick (Pratt & Vhitney Aircraft propri-
etary process specified as PWA 267).
Tensile pro perties at 760"C' (1400°F) and stress-rupture
properties at 982°C (1800°F) for TAZ-8A and Udimet 700 were ob-
tained by NASA-i.e%is using the uniaxial specimens (Figure 1) .
Specimens were made from the same heat of materialas was used
for fabricating the thermal fatigue specimens with about the Same
surface grain size (typically about 1/16 inch diameter). As
specimens from the same heat for the directionally solidified
MAR-M 200 were not available, nominal properties are presented.
The results are Riven in Tables 3 and 4.
Thermal Fatigue Fac tlity
A s,hemati.c drawing of the thermal fatigue testing facility
is shown in Figure 2. It consists of 3 11.0 in. diameter high-
temperature bed situated between two 14 in. diameter intermediate-
temperature beds.
The center high-temperature bed has either an Inc(-nel re-
tort or a silicon carbide retort (depending; on the max .nnim tem-
perature requirements), and a stainless steel air-diffuser box
supplied with air from a l )w-pressure blower. The bed is heated
by 12 silicon carbide elements with a total_ power of 55 kw. Heat
insulation is provided by two layers of refractory insulating
brick.
The intermediate beds are double-walled, with n stainless
steel liner and a 1 in. insulation of Fiberfr.ax. Heating is
provided by three Calrod elements (total power of 12 kw for each
4
bed) situated shove the stainless steel air box. For cooling,
the heat exchanger can be e'ther s multi-tube, water-cooled cop-
er assembly (left bed, Fi : re 2) for bed temperatures y ip to
04°C (400°F) or an i.ir-cooled stainless steel Iacket (right bed,
Figure 2) for bed temperatures above 204°C (400 F). These heat
exchangers are interchangeable. For all work carried out on this
program, tie air-cooled heat exchanger was used.
'the specimens are cycled by means of automatically controlled
pneumatic cylinders which are sequenced by timers aid limit
switches. The facility will cycle automatically for the number
of cycles selected.
The air supply for fluidization is controlled through flow-
meters for each bed. The maximum fluidization air demand is about
3500 cu ft/39 ft/hr(3500 cfh) for each of the intermediate beds
at 38°C (100 F) and 900 cu ft/99 ft/hr (600 cfh) for the high-
temperature bed at 1204 0 C (2000 1.1. Less inlet air is required
as the bed temperature is increased due to the expansion of the
air as it passes ti p ,"ugh the bed. 'rests show that the fluidiza-
tion range is f=airly narrow since the bed will rapidly empty if
excessive air is used.
Each bed '_s fitted with four thermc)cuuples for control,
over-temperature protection, low-temperature test cutoff, and
recording; purposes.
Facility Performance
The high-temperature bed will operate at 1200°C (2300°F)
using; a silicon carbide retort and could he run at this tempera-
"	 Lure for testing small samples. However, as the specimen load
in pounds per hour is increased, the maximum permissible bed
temperature imist be decreased. Otherwise the Temperature of t' e
heating elements wouldexceed the maximum permissible value of
1.510°C (2750"11. With a specimen lead of 15 lb ever y 4 min, the
Q	 maximum bed temperature is about 1204"C (2000°F) with a constantinput of about 45 kw. Below a 1204"C (2000"F) hed temperature,
the lnconel retort may be used.
The intermediate beds will run at a maximum temperature of
427"C' (800'1-). 'Jher. a 15 lb load is cooled from 1204°C (2000"F)
every 4 min, the air-cooled and water-cooled heat exchangers will
"•	 hold the hed temperatures at 204% (400"F) and 83°c' (200 F),
respectively.
s
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Thermal Fatigue Fixture
The fixture used for this program is shown in Figure 3. It
consisted of three RA 333 vertical supports of the same section
as the test pieces and tapered at the bottom to simulate test
piece configuration. Specimens were boltL.i between supports
using threaded 330 alloy. The fixture could be adjusted for dif-
ferent a..aubers of specimens by inserting different spacer blocks
at the top of the fixture. This fixture had an average life of
approximately 1000 cycles.
Test Conditions
All 19 specimens were cycled simultaneously. They were
placed at random in the fixture as regards position from end
and orientation.
The following fluidizing conditions were maintained con-
stant through the entire test series:
Air Flow
MeaRUred at 66°C (1500 °17
ft 3 /ft /hr	 m3/,n`/ter
Hot Bed
	
900	 275
Intermediate Bed
	
2100	 640
The fluidized media was 28-48 mesh tabular alumina.
The time of immersion in each bed was held constant at 3
min. The constant bed temperatures used for this series were
as follows:
Intermediate
Plot Bed	 tied
Series	 C	 F	 F
4	 1088 1990	 316	 600
For all of the alloys with the cladding, duplicate specimens
were tested.
Inspection of Specimens During Testing
The specimens were removed at regular cycle intervals, and
the test edges were -xamined for cracks using a 30X microscope.
Inspections were mPde after 25, 50, 100, 200, 300, 500, 700, and
6
j1000 cycles and every 1000 cycles thereafter to 15,000 cycles.
When a crack was discovered, the length from crack tip to speci-
t2	 men edge was measured on both sides of the specimen and the aver-
age taken as the crack length. Measurement was made using; a
traveling microscope.
When sufficient crack data were obtained, the specimen was
removed from the fixture and replaced by a stainless steel dummy
specimen.
RESULTS
Thermal Fatigue Data
Complete crack propagation data are contained in 'fable 5.
Data are given as crack length ve;rsmms number of cycles for a
maximum of three cracks in each edge. The appearance of all
specimens before and after testing is shown in Figures 4 and 5,
respectively.
The number of cycles required to initiate cracks was of
primary interest in this study. 'There are several ways of de-
termin{ & this number, which cannot be measured directly.
Glenny^9J used the procedure of averaging the cycles between the
last inspection cycle to show no crack and the first inspection
when the crack was observed. A refinement of this method is to
plot crack length versus cycle number and extrapolate to zero
crack length. This latter procedure is of particmmlar value when
the test section is of constant thickness and the crack length
versus cycle number curves approximate straight lines. The wedge
section specimen used in this investigation results in nonlinear
crack propagation curves and makes it difficult to accurately
extrapolate the curves to zero crack length. The averaging
method of Glenny has been used in this investigation, and the
c ycles to initiate the first crack in each alloy are summarized
ire Table 6.
In some cases cracks initiated in the 0.040 in. test edge
before the 0.0 9-5 in. edge. This was probably due to weaknesses
in the 0.040 in. edge causing preferred initiation. once a crack
was well established, it is probable that the stresses were re-
lieved sufficiently to delay crack initiation in the opposite
-1	edge. It was also noticeable that when several cracks propagated,
they did so at regular intervals along the specimen. Mien one
crack formed, it relieved the stresses locally and thus prevented
another crack forming within the immediate neighborhood of the
first crack.
U
7
0
Physical Changes During Testing
Weight changes during testing are given in Table 7. U:.•
mensional changes are shown in Table 8. Specimens having the
greatest weight loss after 7000 test cycles are:
MAH-M 200 DS - 10.8%
TAZ.-8A DS	 ( single edge) -	 3.5%
TA!.-8A DS (double edge) -	 1.44%
Udimet 700 - clad -	 1.0%
TAZ-8A -	 0.97%
Figure 6 shows the weight changes of some Series 4 speci-
mens during cycling. Some specimens showed slight weight gains
before losing weight.
Ranking
If thermal fatigue cracking resistance is rased upon tile
number of cycles required to form the first crack_, then the al-
loys can be ranked as follows for Series 4, 1088/316"C (1990/
600° F'►
cycles to
Rank Alloy 1st Crack
Double-Edge Wedge Specimens
1 TA7_-8A DS Coated 12,500
(highest}
2-3 MAR-M 100 DS Clad, TAZ-8A DS 6,500
Uncoated
4 TA7.-8A DS Clad 5,500
5 MAK-M 200 DS Uncoated 19250
S i ns:le-Edce Wedi;e Specimens
1-4 TAZ-8A DS Uncoated,	 Coated, .•15,000
Clad, Composite and Clad
5 TAZ-8A Coated 13,500
6 TAZ-8A Clad 129000
7 Udimet 700 Clad 79000
8 TAZ-8A Uncoated 4,500
^
a
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CONCLUSIONS
The purpose of this investigation was to use the fluidized
bed heating and cooling technique to measure the relArive thermal
fatigue cracking resistance of 13 Lombinations of superalloy com-
position, specimen design, casting technique, and coating.
The alloys showing the best resistance to thermal fatigue
cracking were TAZ-8A DS clad and TAZ-8A DS _oated. The number
of cycles required to crack the varioun alloys varied widely
from over 15,000 for the best materials to 1250 cycles for the
worst. This represents a 12:1 difference in behavior under se
vere testing conditions.
Oxidation occurs during thermal cycling, and some alloys
experience considerable weight loss. The directiona'.ly solidi-
fied allo ys are particularly susceptible and normally should be
protected witha coating.
Li
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Type
of
Alloy Wedge
TAZ-8A Double
TAZ-8A Double
TAZ-8A Double
MAR-M 200 Double
MAR-M 200 Double
TAZ-8A Single
TAZ-8A Single
TAZ-8A Single
TAZ-8A Single
TAZ-8A Single
TAZ-8A Single
TAZ-8A Single
Udimet 700 Single
is
Is
i
Is
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TABLE 1. ALLOYS AND CONDITIONS USED IN TEST PROGRAM
Solidification Surface Specimen
Methcd Treatment No.
DS - 1
DS Coated 2
D5 Clad 3,	 4
DS - 5
DS Clad 6,	 7
Random - 9
Random Coated 10
Random Clad 11,	 12
DS - 13
DS Coated 14
DS Clad 15,	 16
DS Composite Clad 17,	 18
Random Clad 19,	 20
is
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TABLE 2. - COMPOSITIONS AND HEAT TREATMENTS
OF ALLOYS USED IN THE PROGRAM
Composition, wt%
Udimet
MAR-M 200	 (wrought)	 TAZ-8A
Element	 (Neat Nor KD2012) (Heat No. 65411 mat No. T24)
C 0.:-- 0.113 0.10
Mn e0.02 0.01 --
Si 0.080 0.02 --
Cr 9.20 14.85 5.85
N! Bal. Hal. Bal.
Co 10.25 17.50 --
Mo -- 5.10 5.41
W 12.55 -- 3.90
Al 5.05 4.55 6.40
Ti 2.13 3.45 --
Zr 0.040 <0.02 0.52
R 0.017 0.013 39 ppm
Other 0.36Fe 0.85Fe 7.93Ta
0.96c;b 2.44Cb
<O.01V
	
Solution	 --	 1121°C (2050°F)	 --
	
Treatment	 4 hr
Intermediate	 --	 843°C (1550°F)	 --
Aging	 24 hr
Final Aging	 816-C (1500-F)	 760-C (1400-F)	 --
50 hr	 16 hr
I	 ,
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TABLE 5. - SV NMRY OF CRACK PROPAGATION E'VR TEST SERIES 4
CYCLED BETWEEN 1088 • C (1990 • F) AND 316'(: (600'F)
(I min dwell in each bed)
a
0
Is
1•
Edge Crac le	 th
Radius, F	 i	 t	 t	 ac	 tiers	 ta. r rac
n_ cyc Its Front	 D2. k	 AYJ_	 Front a k y- Front Bill,
Specimen 1:	 TAZ-8A DS (DEW)
0.025 Distance• from bottom:	 3.33	 in. a 2.15 in. 2.47 in.
6,000 Cracks not observed
7,000 .069	 .79	 .074	 -- -- -• •• •• -•
8,000 .075	 .079	 .077	 -_ .. _. .. .. ..
9,000 .082
	
.080	 .081	 .050 .020 .035
10,000 .100	 .090	 .090	 .070 .030 .050 .01^. .040 .045
0.040 Distance from bottom:	 3.42	 in. a 2.58 2.67 in.
6,0JO Cra=ks not observed
7,000 .200	 .144	 .172	 -- -- -- •-
8,000 .200	 5	 .178	 -- -- - •- -• -'
9,000 .200	 .178	 .189	 .110 .110 .115
10,000 .200	 .190	 .195	 .150 .160 .155 .050 .060 .055
Specimen 2:
	
TAZ-8A DS Coated (DEW)
0.025 Distance from bottom:	 2.10	 in. 1.7	 in. 2.75 in
1L,000 Small cracks	 in coating near fixing holes
13,000 .090	 .060	 .075	 - -- -• •• •• -•
14,000 .100	 .190	 .195	 .140 .100 .120 0 .070 .035
0.040 14,000 Cracks not observed
Specimen 3:	 TAZ-8A DS glad	 (DEW)
0.025 Distance from bottom:	 2.15	 in. 3.30 in.a
5,(,00 Many small cracks in edge of cladding
6,000 Nomayor cracks observed
7,000 .150	 .146	 .148	 .227 .252 .240 - --
0.040 7,000 Cracks not observed
Specimen 4;	 TAZ.-8A DS Clad (DEW)
0.025 Distance from bottom:	 2.76	 1n.
4,000 Cracks not observed
5,000 .230	 .140	 .185
6,000 .236	 .235	 .236
7,000 .290	 .261	 .276
0.040 7,000 Cracks not observed
Saocimon 5:	 MAk-M 200 DS	 (DEW)
0.025 Dibtance from bottom:	 0.56	 in. 2.50 in. 2.80 in.
1,000 Cracks not observed
1,500 .060	 .060	 .060
2,000 .095	 .100	 .098	 it 0 0
2,500 .125	 .125	 .125	 .03( .01) .023 0 0 0
3,000 .135	 .135	 .135	 .05J .050 .050 .040 .040 .040
4,000 .200	 .160	 .180	 .095 .080 .088 .090 .078 .084
5,000 .200	 .200	 .200	 .130 .150 .140 .120 .130 .125
6,000 .205	 .210	 .208	 .140 .180 .160 .150 .155 .153
7,000 .224	 .245	 .235	 .219 .210 .215 .194 .192 .193
0.040 7,000 Cracks not observed
Spucimun 6:	 MAR-M 100 DS Clad	 (DF.W)
0.025 Distance from bottom:	 2.71	 in. 2.20 in. 3.10 in."
4,000 Cracks not observed
5,000 .098	 .115	 .107	 0 0 0
6,000 .105	 .140	 .123	 .060 0 .030 0 0 0
7,000 .176	 .204	 .190	 .113 .145 .129 .112 .109 .111
0.040 7,000 Cracks not observ-1
Specimen 7:	 W-M 200 DS Clad (DEW)
0.015 Distance from bottom:	 2.58	 in. 1.67 in. 2.05 in.
M,000 Cracks not observed
9,000 .080	 1085	 .C83
10,000 .140	 .140	 .140	 .120 .100 .110 .090 .090 .090
0.040 Distance: from bottom:	 0.57	 in, ;'	 (in line with fixing hole)
6,000 Cracks not observed
7,000 .10'	 .137	 .122
8,000 .118	 .140	 .129
9,000 .134	 145	 .140
10,000 .160	 .150	 .155
OF	 AL PAC 15POOR
QUf1L 7,
TA 8I.1: S ( cont . )
ill
E3ga• cruh I	 h	 n.	 _
Ra /dl^us, rr	 SyCon	 ral
ln, /CVt 1as Lt^ii	 f^	 IL^	 front	 M'l	 IV _	 l	 PalF	 A^-
Sccc'ink n 9:	 (No ',jec'imen 8)	 W -8A Random (hLW)
0.030 Distance from	 bottom:	 1.11	 in. 0	2.20	 in.	 1.57	 in,
4,000 Cracks not observed
5,000 .140	 .110	 .125	 .094	 .07S	 .0811
6,000 150	 .1h0	 .15S	 .140	 .0n0	 .110	 0	 0	 0
7,000 160
	 .170	 .165	 .127	 .158	 .143	 .102	 .10()	 .101
edge-n 10:	 TAZ-BA Randur. Cuatc d
n ,030 Distance fror.	 bottor:	 2.43	 in.
13,000 Cracks not observed
14,000 .060	 .110	 .090
15,000 .150	 .170	 ,160
ipYC' i t
 ' , n	 11:	 TA%-8A	 Kandor•.	 Cl.td	 (1-VW)
0.030 Distance from	 hottot	 :	 2.b:	 1n.	 1.30	 in.
10,000 Cracks not ubstrved in test section but corwiencing naar fixing holes
13,000 .100	 .090	 .095	 .040	 .040	 .040
14,000 .150	 .170	 .160	 .040	 ,040	 .040
15,000 .160	 .170	 lb5	 .170	 .150	 .160
Small glassy spots are exfoliating
Sr,%virivia
	 l:':	 TAZ -6A Rondor-.	 Clad	 (SI;W)
0.033 Distance from	 bottom;:	 1.78	 In.	 1.9	 In.	 2.5	 In.
11,000 Cracks not Observed
11,000 .Ol01	 .020	 .015	 •-	 --	 --	 ---	 ••
13,000 .040	 .040	 ,040	 .040	 .050	 .045	 .090	 .070	 .080
14,000 .150	 .140	 .145	 .120	 .120	 .120	 .110	 .120	 .115
15,000 .170	 .lbl1	 .165	 .150	 .140	 .14S	 .120	 .130	 .125
'S rl'cirien 13:	 W-6A uti	 (,IV)
0.030 15,000 Cracks	 not	 .41svrvud.	 Glassy scale	 is	 flaking	 off surface.
-^OCCimon	 1»:	 rA7.-8A uti Coated	 (SI'W)
0.030 15,()30 Cracks not observed
tipel,imonii, 	 15 and	 h:	 TAZ-8A DS Clad	 (SEW)
0,030 15,000 Minor creeks	 in cladding.	 Cladding:	 has developed very	 rough surfaca
SOtcimcns	 1;	 ,nd	 18:	 IA%-8A US Comoositc. 	 Clad	 (SEW)
0.030 200 S out 4 welded ends became detached and identifieatil . n was	 lost
3,000 Last welded end lost
15,000 Crack ► not observed.	 8ushi •iKs ara	 loose.	 Cladding has	 a very
rough surface.
Specimen 19:	 I'd irtwt	 700 Random,	 Clad	 (SEW)
0.030 Distance lrom bottom:	 1.40	 in.	 2.65	 in.
7,000 Cracks not observed
8,000 Small cracks come-icing at 	 Inner edge of fixing holes
9,000 .140	 .150	 .145
10,000 .250	 .260	 .255	 .100	 ,110	 .105
5oecir.,tn 20,	 Cdimet	 700 Kand-y Cl ad	 SEW
0.030 Distance from bottom:	 1.2	 in.a
500 Specimen started to deform like a hanana. 	 0.030 in.	 out of	 lint
at	 500 cvcics	 increasing	 to 0.150	 in.	 by	 7000 cycles
5,000 Cracks not observed
b,')00 .170	 .150	 .1bO	 Cracks	 starting at	 fixing holes.
7,000 .300	 .285	 .293
a Crack position is outside designated test section.
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Figure 3
Thermal Fatigue Fixture
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